INTRODUCTION
Since the outbreak of the world economic crisis in 1973, the use of solar cells for the electricity generation has been more and more in the focus of attention. Worldwide, more than 1600 PV solar plants of smaller or greater power have been installed on the ground. Most developed countries legally regulate the possibility of generating and selling of the electrical energy generated in PV solar plants. The use of solar energy contributes to more efficient use of a countrys' own potentials in producing electrical and thermal energy, reduction of the greenhouse gas emission, lowering of the import rates and the use of fossil fuels, as well as to the development of the local industries and an increase in new job creation.
PV solar plants mostly use solar modules made of monocrystalline and polycrystalline silicon and solar modules made of thin film materials such as amorphous silicon, CdTe and CopperIndium-Deselenide (CIS, CuInSe 2 ). Efficiency of monocrystalline silicon solar cells is 15%, of polycrystalline silicon is about 12%, of amorphous silicon about 5% and those made of CdTe and CIS is about 8%. Monocrystalline and polycrystalline silicon solar modules are more suitable for the areas with predominantly direct sun radiation, while solar modules of thin film are more suitable for the areas with predominantly diffuse sun irradiation [1, 2] .
SOLAR CELLS
A solar cell is composed of p and n semiconductors where, due to the absorption of sun irradiation in a p-n connection, pairs of electronhole occur. Under the influence of sun irradiation, a solar cell in electrical circuit represents the source of direct current (DC).
Solar cells of monocrystalline silicon
Silicon, which, next to oxygen, is the most represented element in the earth's crust (27.6%) is used for the production of monocrystalline silicon solar cells. Silicon belongs to the group IV of the periodic system of elements, it is easily obtained and processed, it is not toxic and does not form compounds that would be environmentally harmful. In contemporary electronic industry silicon is the main semiconducting element. Electronic components made of silicon are stabile at temperatures up to 200 0 C. Semiconducting silicon is polycristalline. For it to be converted into monocristalline it has to be melted at 1400 0 C and by means of Czochralski process, or by method of float zone, converted into monocrystalline. Atoms of monocrystalline silicon are connected mutually by covalent bonds into surface centered crucible. Monocrystalline silicon is black, non-transparent, very shiny, hard and a weak conductor of electricity. With some additional substances monocrystalline silicon becomes a good conductor of electric current. A solar cell composed of monocrystalline silicon has a front electrode, an antireflection layer, an n-layer, p-n bond, p-layer and back electrode (Fig.1) . In order to obtain semiconductor of n-type, silicon is doped with phosphorous, and to obtain semiconductor of p-type, silicon is doped with boron. P-layer is 300 m thick, while n-layer is 0,2 m thick. For antireflection layer, materials with refraction index of 1,5-2 are used. These materials comprise SiO, SiO 2 , TiO, TiO 2 Ta 2 O 3 , etc. Depending on the antireflection layer material, monocrystalline solar cells of different colours can be produced. Metal contacts are formed by vacuum vaporing of the corresponding materials on Si plate. For this purpose, Ti/Pd/Ag coating is usually used. 
CdTe solar cells
Cross section for a cadmium telluride solar cell is shown in Fig. 2 . A layer of cadmium sulphide is deposited from solution onto a glass sheet coated with a transparent conducting layer of thin oxide. This is followed by the deposition of the main cadmium telluride cell by a variety of techniques including close-spaced sublimation, vapor transport, chemical spraying, or electroplating.
CdTe solar cells have been used as low cost, high efficiency, thin-film photovoltaic applications since 1970. With the forbidden zone width of ~ 1,5 eV and the coefficient of absorption ~ 10 5 cm -1 , which means that a layer thickness of a few micrometers is sufficient to absorb ~ 90% of the incident photons, CdTe is almost an ideal material for manufacturing of solar cells. CdTe solar cells are sensitive in the wavelength of 0,3-0,95 μm with their maximum sensitivity within the wavelength range of 0,7-0,8 μm. Laboratory CdTe cells have the efficiency of 16%, and commercial ones around 8%. High toxicity of tellure (tellurium) and its limited natural reserves diminish the prospective development and application of these cells [4−7] .
CIS solar cells
The materials based on CuInSe 2 that are of interest for photovoltaic applications include several elements from groups I, III and VI in the periodic table. CIS is an abbreviation for general chalcopyrite films of copper indium selenide (CuInSe 2 ).
CIS technology is a star performer in the laboratory with 19, 5% efficiency demonstrated for small cells, but has proved difficult to commercialize. Unlike the other thin-film technologies, which are deposited onto a glass substrate, CIS technology generally involves deposition onto a glass substrate as shown in Fig. 3 . An additional glass top-cover is then laminated to the CuInSe 2 with its optical absorption coefficient exceeding 3·10 4 cm -1 at wavelengths below 1000 nm, and its direct band gap between 0,95 eV and 1,2 eV, is a good material for solar cells. A CIS solar cell is sensitive in the wavelength of 0,4-1,3 μm and maximum of its sensitivity is within the wavelength range of 0,7-0,8 μm [4−7] .
Commercial CIS solar cells have the 8% efficiency. However, manufacturing costs of CIS solar cells at present are high when compared with silicon solar cells; however, continuing work is leading to more cost-effective production processes.
Comparative overview of monocrystalline silicon, CdTe and CIS solar cells with their advantages and disadvantages is shown in 
PV SOLAR PLANTS
A PV solar plant is a plant that uses solar cells to convert solar irradiation into electrical energy. PV solar plants consist of solar modules, an inverter converting DC into AC and transformer conveying the generated power into the grid net. PV solar plant is fully automated and monitored by the applicable software. Inverter is a device which converts DC generated by PV solar plants of 12V or 24V into three-phase AD of 220V. Depending on the design, inverter efficiency is up to 97 %. When choosing inverter one should bear in mind the output voltage of the solar modules array, power of the solar modules array, grid net parameters, managing type of PV solar plant, etc. PV solar plants can use bigger number of the inverters of smaller power or one or two invertors of greater power. PV solar plant monitoring system comprises central measuring -control unit for the surveillance of the working regime. The monitoring system uses sensors and softwares to obtain the following data: daily, monthly and yearly electricity production , reduction of CO 2 , detailed change of the system parameters, recording of the events after the failure, monitoring of the meteorological parameters, etc. In accordance with the legal regulations governing power distribution systems, PV solar plants use transformers by means of which solar energy generated by PV solar plant is conveyed to the power grid. It has been shown in practice that the energy efficiency of PV solar plant decreases from 0,5-1% annually. The real lifetime of silicon-made PV modules is expected to be at least 30 years.
Depending on climate conditions of the given location, fixed PV solar plants, one-axis and dual-axis tracking PV solar plants are being installed worldwide. Fixed PV solar plants are used in regions with continental climate and tracking PV solar plants are used in tropical regions.
A fixed PV solar plant is a plant with solar modules mounted on fixed metal supporters under an optimal angle in relation to the horizontal surface and all are oriented towards south. To install a fixed 1MW PV solar plant it is necessary to provide about 20 000 m 2 of space. Its drawback is in that solar modules do not follow the sun radiation so that on the yearly level not the optimum amount of the electricity is gained.
One-axis tracking PV solar plant is a plant where solar modules installed under the optimal angle are oriented towards the sun by revolving around the vertical axis during the day from the east towards the west, following the Sun's azimuth angle from sunrise to sunset. For revolving of solar modules electromotors are used that in turn use electrical energy from the batteries of the power grid. For monitoring revolving of the rotor, a centralized software system is used. In case that the software system fails, solar modules can be directed towards the sun manually. It is also possible to manually set the tilt of the solar modules in relation to the horizontal surface in steps from 5 from 0 -45. One-axis tracking PV solar plant gives the shadow effect of solar modules situated on neighboring rotors so that for its installation it is necessary to provide around 60 000 m 2 . According to the available literature, the efficiency of oneaxis tracking PV solar plant is 20 -25 % higher compared to the efficiency of the fixed PV solar plant. A disadvantage of one-axis tracking PV solar plant is in the fact that there is no automatic orienting of the solar module tilt towards the sun in the course of the year.
Dual-axis tracking PV solar plant is a plant where the position of solar modules is oriented towards the sun by revolving around the vertical and horizontal axis. These PV solar plants follow T. Pavlović, et al. 
PVGIS PROGRAMME
PVGIS software packages that are easily found on the Internet are used nowadays to calculate the electricity generated by the fixed PV solar plants, one-axis and dual-axis tracking PV solar plants. These programs can produce the following data: average daily, monthly and yearly values of the solar irradiation taken on square meter of the horizontal surface or the surface tilted under certain angle in relation to the horizontal surface, change in the optimal tilting angle of the solar modules during the year, relation of global and diffused sun radiation, average daily temperature, and daily, monthly and yearly electricity generated by fixed PV solar plants, one-axis and dual-axis tracking PV solar plants, etc. A typical PVGIS value for the performance ratio (PV system losses) of PV solar plants with modules made of monocrystalline and policrystalline silicon is taken to be 0,75 1,11−12.
RESULTS
In this section we present the results obtained from the study of the solar irradiation and electricity generated by fixed PV solar plants, oneaxis and dual-axis tracking 1MW PV solar plants with monocrystalline silicon, CdTe and CIS solar modules in the area of Banja Luka, processed by PVGIS software 1,11−12.
The average monthly values of solar irradiation on horizontal, optimally inclined and vertical plane, optimal inclination, ratio of diffuse to global solar irradiation, average daytime temperature and 24 hour average of temperature for Banja Luka (44°44'48" North, 17°10'17" East) obtained using the PVGIS program (Annual irradiation deficit due to shadowing (horizontal) is 0,3 %) are presented in Table 2 .
Based on the results in Table 2 one can conclude that the average ratio of diffuse and global solar radiation in Banja Luka during the year is around 0, 49; that the optimal angle of solar modules in fixed PV solar plant is 33 and in one-axis tracking PV solar plant 36; that solar irradiation on optimally inclined plane yields annually 4000 Wh/m 2 and is by 13% higher than the solar irradiation on horizontal plane and by 52% higher than the solar irradiation on vertical plane.
Average monthly and yearly sum of global solar irradiation per square meter received by the modules of the fixed PV solar plants, one-axis and dual-axis tracking 1MW PV solar plants in Banja Luka are shown in Table 3 .
Based on the results in Table 3 one can conclude that the average sum of global irradiation per square meter received by the modules of the dualaxis tracking PV solar plant (1880 kWh/m 2 ) is by 2,7 % higher than the average sum of global irradiation per square meter received by the modules of the one-axis tracking PV solar plant and by 28,8 % higher than the average sum of global irradiation per square meter received by the modules of the fixed PV solar plant.
The results of calculations for the annual electricity generation by fixed, one-axis and dualaxis tracking 1MW PV solar plants with solar modules of monocrystalline silicon, CdTe and CIS solar modules in Banja Luka are shown in Table 4 . In PVGIS program, in PV solar plant with solar modules of monocrystalline silicon, the following losses were calculated: losses due to temperature amount to 9,4% (using local ambient temperature); losses due to angular reflectance effects amount to 2,8%; other losses (cables, inverter etc.) amount to 14% and 24, 3% combined PV system losses.
In PVGIS program, in PV solar plant with CdTe solar modules, the following losses were calculated: losses due to temperature amount to 0,1% (using local ambient temperature); losses due to angular reflectance effects amount to 2,8%; other losses (cables, inverter etc.) amount to 14% and 16, 3% combined PV system losses.
In PVGIS program, in PV solar plant with CIS solar modules the following losses were calculated: losses due to temperature amount to 7,8% (using local ambient temperature); losses due to angular reflectance effects amount to 2,8%; other losses (cables, inverter etc.) amount to 14% and 22, 9% combined PV system losses on CIS solar modules.
Annual production of electricity using fixed, one-axis and dual-axis tracking PV solar plant of 1MW with solar modules of monocrystalline silicon, CdTe and CIS solar modules in Banja Luka is shown in Figure 4 .
On the annual basis 1100 MWh of electrical energy can be generated by fixed PV solar plant with solar modules of monocrystalline silicon, 1220 MWh with CdTe solar modules and 1120 MWh with CIS solar modules . On the basis of the obtained results one can conclude that:
 by one-axis tracking PV solar plant 26,36 % and by dual-axis tracking PV solar plant 29,09% more electrical energy can be produced in comparison to the fixed 1MW PV solar plant in Banja Luka with solar modules of monocrystalline silicon;
 by optimally inclined one-axis tracking PV solar plant 25,41 % and by dual-axis tracking PV solar plant 27,87% more electrical energy can be produced in comparison to the fixed 1MW PV solar plant in Banja Luka with CdTe solar modules and  by one-axis tracking PV solar plant 26,79 % and by dual-axis tracking PV solar plant 29,46% more electrical energy can be produced in comparison to the fixed 1MW PV solar plant in Banja Luka with CIS solar modules. 
